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Uquid eiystal composition for use In bistable liquid ciystal devices 

The invention is directed to the use of a liquid ciystal compositibn In a 
bistable liquid crystal device and especially in a zenithal bistable nematic 
5 liquid crystal device, a nematic liquid crystal medium, and a bistable liquid 
crystal device comprising the liquid crystal composition. 

Electrooptlcal devices utilizing liquid crystal media for displaying information 
am well known and used in a wide variety of technical applications (see. for 

10 a review, H. Kawamoto, Proc. IEEE, 90, 460 (2002)). Among these, 
nematic liquid crystal devices are the most prominent; there ar^, for 
instance, twisted nematic (TN) liquid crystal devices (M. Schadt and W. 

\ismch,.A^USIx^JLe/±,J^ 

(STN) liquid crystal devices (see. Inter aGa, TJ. Scheffar and J. Nehrlng, 

15 Appl. Phys. LetL, 48, 1021 (1984)). These devices are monostable, i.e. the 
liquid crystal medium switched to an ON state by application of a suitable 
voltage, and is allowed to switch to an OFF state when the voltage applied 
falls below a lower voltage lev^. In order to display complex information 
eiectiooptical devices need to comprise a number of picture elements that 

20 can be switched independentiy of each oiher. However, when direct or 
even multiplex addressing of pixels are used, the number of elements 
addressable in nematic liquid crystal displays is limited, in the first case by 
mere geometrical requirements of the electrical connections and In the 
second case by the steepness of tiie device's transmission versus the 

25 voltage curve. 

This limitation can be overcome by incorporafing thfn film transistoie (TFT) 
into each picture element. Sudi devices, also known as active matrbc (AM) 
displays, enable addressing of a high number of picture elements and thus 
30 of iange area high resolution displays and with relative^ low voltage 

requirements. Some of these devices are also medianicaliy rather stable 
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arul have a wide temperatuie range. Although this allows the construction 
of small and portable battery poweied displays, forcertein applications the 
techniques have several drawbacics. Manufacturing AM displays 1$ still a 
complicated process Involving the buHding up of a complex assembly which 

5 contributes to rather high costs of pixxJudlon. Since the device has no 

intrinsic or Infernal memoiy, constant update of the display even for static 
images is required. This causes relatively high power consumption and, 
hence, rather poor battery life time. This Is especially undesired with 
portable devices displaying information that is changed only from time to 

1 0 time or In a limited part of the display such as mobile phones, personal 

digital assistants (PDAs), pagers, electronic shelf edge labels^ and the like. 

An approach to avcrid the limitations and drav^at^ of fiiese nematic liquid 
crystal devices Is to use displays witii an Internal memory effect, e.g. a 

15 bistable liquid crystal device. BistabHity means that the mdecuies of the 
liquid crystal medium inside the device can adopt two d'rfiierent steible 
states. Consequently, by applying a suHat)le addressing scheme 19ie liquid 
crystal molecules of the medium are switched into a first stable state which 
persists even after addressing; utilization of another addressing scheme 

20 causes the liquid crystal molecules to adopt a second stable state that 
likewise persists after addressing. 

Ferroelectric liquid crystal displays using smectic liquid crystal materials 
can be made into bistable devices. They have, however, several 
25 disadvantages, e.g. lack of shock resistance, narrow operating temperature 
range, and low cell gap causing manufacturing difRcuities. Therefore, these 
ferroelectric devices are unlikely to fulfill the requirements to displays for 
the portable devices mentioned above. 

30 
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However, not only ferroelectrfc smecQc liquid crystals are capable of being 
used In bistable devices but also nematic liquid crystals. Besides other 
approaches that utilize bistable bulk conligurations adopted by nematio 
liquid crystals (see, for instance, I. Dozov et al., "Keoent Improvenients of 

5 bisteible nematic displays su^tdied by anchoring breaking (BINem®)". 
Proceedings SID 01 (2001), 16.1, 224 and references therewithin), a 
promi^ng yuay of achieving bistability in a nemafic liquid crysia! display !s to 
use a surlaoe alignment which can support two or more stable states. As 
discussed in literature (see, for instance. J.C. Jones, G. Bryan-Brown, E. 

10 Wood, A. Graham, P. Brett and J. Hughes. "Novel bistable liquid crystal 

displays based on grating allgnmenr. In "Liquid Crystal Materials, DeviceSi 
and Flat Panel Displays", R. Shashidhar, B. Gnade, Eds.. Proceedings of 

SREA^ol7^055-^OG^r84-and-refer©noes-cited-there!rr)-twoiy^ 

azimuthal and zenithal bistability. can be distinguished. 

15 

In the first instance 0.e. admuthal bistability), the director of the liquid 
crystal molecules In the display having a grating alignment on the surface 
of one of the display cell's plates (or substrates) will lie parallel to said plate 
in botii stable states; that means tiiat switching between the Stable states 
20 occurs within the plane of the display cell's plates (see, for instance, WO 

92/00546 and WO 95/22077 which describes the use of a substrate having 
a bigrating alignment layer). However, reproducing selection of the stable 
states Is found to be difficult and switching generally requires a high 
switching voltage. 

25 

On the other hand, zenithal bfstabDHy is observed when tfie zenithal 
bistable surface is used (see Figure 1 ; the tiny llrtes represent the local 
director of the lk:|uid crystal molecules that are oriented by interaction with 
the surface jgrating and appropriate alignment layer). With sudi a surface, 
30 the direcior of tiie liquid crystal molecules has two possible configurations 
wHh difiersnt pretitt angles In the same azimuthal plane Q.e. the plane 
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perpendicular to the surface of the display cell's substrate). The first state Is 
the high tBt state while the second state is the low tilt stete. The grating of 
the zenithal tnstable surfiace is defined by its amplitude a and its pitch L; 
typical values are Ibr L of abo\A 1 pm and for a of about 0.6 to 0.8 pm (see 
5 WO 97/14890 and. for more details. WO 02/08825; and J.C. Jones, G. 

Bryan-Brown. E. Wood, A. Graham. P. Brett and J. Hughes. 'T^ovel bistable 
liquid crystal displays based on grating alignment", in "Liquid Crystal 
Materials, Devices, and Flat Panel Displays", R, Shashidhar, B. Gnade. 
eds.. Proceedings of SPiE Vol. 3955 (2000). 84). 

10 

A homeotropio orientation can be. for example, induced by coating the 
grating with a homeotropic alignment layer; this orientation ensures that the 
director of the liquid crystal molecules does not lie parallel to the grooves of 
the grating. Mhough the orientation of the director of the liquid crystal 

15 molecules is perpendicular to.the (local) surface, Le. varying vnHh the 

location on the surges along a direction perpendicular to the grooves, the 
orientation in the "bulkT is very much influenced by the opposite surfiace 
alignment in both states. Switching from one stable stete to the o^er may 
be achieved by applying a simple electrical pulse thereby causing a switch 

20 from a blad< display or picture element to a white one (or vice versa) with 
the appropriate polariser configuration and retardation, and switching back 
to the original state occurs upon application of a pulse of opposite polarity 
tiiereby causing a switch from white to black (or vice versa). Switching may 
also be induced by using pulses of same polarity but with much higher 

25 voltages (also referred to as "reverse switching")*, however, reverse 

switching is a detrimental effect which limits the operation of a zenithal 
bistable nematic device in terms of the addressing and so a high a voltage 
as possible is desired for the reverse switching. 

30 
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In general, for obtaining zenithal bistabilHy only one of the tuvo display celFe 
sub^rafes Is provided with a surliace grating. The opposfke plate may have 
a surface providing a homeotropic alignment of the liquid crystal director 
(VAN mode, see Rgure 2a)) or a surface Inducing planar alignment of the 

5 director (twisted mode, see Figure 2b)) ther^ causing the twisting of the 
liquid crystal director around the axis perpendicular to the substrates 
across the cell for the low tilt state. For details with regard to cell geometry 
and configuration, exact cell parameters, addressing means, assembling of 
the entire zenithal bistable device (including use of polarisers) and so on, 

10 see the disclosure of WO 97/1 4990, E.L. Wood, G.P. Bryan-Brown, P. 

Brett, A. Graham, J.C. Jones, and J.R. liughes, "Zenithal Bistable Device 
(ZBD™) Suitable for Portable Applications, SID 00 Digest (2000). 124. J.C. 

^Jones,.J.A^ugbeSrA.-OiahamrR.-Brettr-6^Bfyan-BrownT-and-EsL. 

Wood, "Zentthal Bistable Devfoes: Towards the electronic book with a 

1 5 simple LCD", IDW "00 (2000), 301 , and the detailed discussion given In 

J.C. Jones. G. Bryan-Brown, E. Wood. A. Graham, P. Brett and J. Hughes, 
"Novel bistable liquid crystal displays based on grating allgnmenr, in 
"Liquid Crystal Materials, Devices, and Flat Panel Displays", R. Shashidhar, 
B. Gnade, eds.. Proceedings of SPIE Vol. 3955. (2000). 84. and references- 

20 cited therein. 

Utilizing zenithal bistability in electroopticai devices offers attractive 
features: 

■ image retention on a display without continuous update combined 
25 with 

■ High meclianical shocic stability 

> Low power consurpption since the display only needs addressing 

when the image changes 
- Infinite muttlplexit^ity for unlimited resolution wittiout the need for 
30 TFT elements 

■ Transmlssfve and refledlve modes possible 

■ Suitability for use with fJTastic substrates 
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Besides the assembly and make up of the zenithal bistable display, another 
key issue to the zenithal bistable device technology is the nematic liquid 
crystal medium used inside the display's cell. 

5 

The zenithal bistable device and hence the liquid crystal medium have to 
meet several requirements more or less depending on the specific use of 
the device. Since there Is no consistent theory so far that might predict the 
physical variables to be optimized, it turned out to be helpful using a set of 

10 (semi-)emplri(»l parameters for evaluating liquid crystal media with respect 
to ttieir uselulness in zenithal bistable nematic devices. These are 
Illustrated in the so-called t-V curve for s\Antching voltages of pulse duration 
X and for 10 and 90% switching levels with opposite polarities (see figure 3) 
for a liquid crystal mixture of the prior art, namely MLC-^04-000 of Merck 

'IB KGaA, Darmstadt, Germany. 

Firstiy, In order to minimize power consumption, to allow mors flexibility 
with the addressing of the de\Ace?s picture elements and to remain within 
the limits of standard STN drivers a low svi^c/i/n^ ^eA:/ and correspondingly 
^ a tow operating voltage Is desirable for switching from one bistable state to 
the other. For material comparison one can determine the switching field E 
for a pulse (usually a 100 ps pulse duration) from the svntching voltage V 
that gives a transmission change from, e.g., 0 to 90% transmission (black- 
to-white; B-W) for a pariioular liquid crystal mixture in a given test cell 
providing zenithal bistabillfy. (In general, one can also use the 1 00 to 10% 
transmission change transition of white-to-black, W-B, where the switching 
field of wtiich may be higher or lower tlian the B-W transition depending on 
the grating's shape and dimensions.) In order to take into EKXX>untttie 
voltage drop aorose the grating (which varies for different types of grattngs 
as well as cell tfiidcness) the v^ue of E actually measured te corrected to 
distinguish the fiefc) Just across the liquid crystal again for comparison 
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purposes giving the corrected switching field Euo^iooi/s for a 100 ps pulse. 
Here, an addiUonai factor of 1 .6}im added to the cell thickness d when 
calculating the field just across the liquid crystal: 

Exoop,=V,o,^/d and E^j„^=V„p^/(d+1.5)'wherBdisinHJn. 

Multiplying Eijc®iooys with optimum cell gap dopt (that can be approximated 
by using the TN 1** minimum condition dopt = A">/3/(2An) with A = 555 nm 
and An being the optical anisotropy of the liquid crystal medium) gives the 
operating voltage Vopt corresponding to the optimum ceil gap for a 100(i8 
pulse for just the liquid crystal. Elc@ioops and so Vopi depend on the liquid 
ciystal medium used. The optimum cell gap is considered only for the 



twisted mode (see Figure 2b)) here but comparisons can also t>e made for 
the VAN mode (see Figure 2a)), where the retardation of the hybrid state 
^® win be matched to either a half-wave plate of quarter-wave plate depending 
on the polariser configuration (dAn=X/2 and dAn=X/4 respectively. 

The second empirical parameter that needs to be taken into account is the 
operating window AVopt corresponding to the optimum cell gap. It descnbes 
the effect of reverse switching: When applying a pulse with a given time 
slot of, e.g. 400 MS. and a defined pulse polarity. e.g. B-W, one obsen/es 
the desired switching at a specffic value of the switching field and a further 
leveise switching (e.g. W-e In this case) which is not Induced by a pulse of 
inverse polarity but by a pulse of the same polarity at an increased 
switching field. For technical purposes, Obviously said operating window 
ought to be as wide as possible to pemiit more flexibility of the driving 
schemes used and particularly in relation to achieving good grayscale 
operation (see J. C. Jones. S. M. Beldon and E. L. Wood. "Greyscale in 
Zenithal Bistable LCD: The Route to Ultra-low Power Colour Displays", 
seminar talk on the ASID meeting 2002 of the Society for Information 
Display.) it can be represented by AElc@400i>s, that is tiie corrected 
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difference betuveen the 90% reverse swttchtng field and the 90% B-W 
swritching field for a 400 ps pulse: ■ 

^40o>a = Ay„„^/d and AEic@^^ = AV4oo^/(d+1.5) where d is in moi. 

Taldng into account the optimum cell gap dppt by multiplying with AElc®4oohs 
eventually gives the operating window AVopt (doptAELC®400|js » AVopt)- 

A further parameter, ^e opUcal rssponse ffme ze/a corrraponding to the 
optimum ceil gap, describes how fast the liquid crystal medium changes - 
between stable states upon application of an electric putee. It can be 
determined by measuring ^e response lime x for the 10-90% B-W 
fransition using a 100 ps pulse In the actual test ceil; then, in order to 
normalize the experimental values, x \s multiplied by (dopt/d)^ giving xopt 
(with dept being the optimum cell gap as calculated above for Vopt end d 
being the actual cell gap of the test cell used). The W-B transition is much 
faster (less than 1ms) and so indeed the B-W response time is of most 
importance when assessing the properties of the liquid crystal medium 
used. The smaller Xopt the faster the optical response of the liquid crystal 
medium. A small xbpt (of about 40 ms or less) may be desirable for certain 
eiectroopticai applications, e.g. displaying moving pictures. It is even more 
preferred for specific video applications that t^pt is less than about 16ms so 
as not to observe flash. 

Still another parameter of great importance is the dearfng point Tni of the 
liquid crystal medium describing the tempei^ture at which the nematic 
mixture becomes isotropic. For many technical purposes and for increasing 
the variability of eiectroopticai devices utilizing zenithal bistabiiity (and so 
the possible applications), liquid crystal media ha\dng a high clearing point, 
preferably of at least 80 ''C or more, are desired. 
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Those liquid crystal media the use of which in zenithal bistable devices 
have been described in the prior art do not meet all the parameter 
requirements outlined above. Even liquid ciystal mixture MLC-6204-000 
(available fifom Merck KGaA, Darmstadt, Germany) that has been used In 

5 zenithal bistable devices as the prefened medium (WO 01 /40853. Example 
6; J.C. Jones, G. Bryan>6rown. E. Wood. A. Graham, P. Brett and J. 
Hughes, "Novel bistable liquid crystal displays based on grating alignment". 
In "Liquid Crystal Materials. Devices, and Rat Panel Displays**, R. 
Shashidhar. B, Qnade. Eds.. Proceedings of SPIE Vol, 3965 (2000), 84) 

. 10 has a clearing point Tni of only 62.4 ''C that is rather low for use in zenithal 
bisteible device for many possible applications. 

The-present4nventien4herefbrB-enGounteRs-ttie-problem4o^FOvide-a-liquld— 

crystal composltton that is suitable for use in a bistable liquid crystal device 
15 and especially In a zenlflial bisteble nematic device and has Improved 
properties. 

The problem is solved by the use of a liquid crystal composition in a 

bistable liquid crystal devlcSi said device being preferably a zenithal 

20 nematic liquid crystal device, whereby said compostion comprises 

■ at least 30 weight% (based on the total weight of the composition) of 
a component (a) containing one or more compounds having a 
dielectric anisotropy As of at least 25, whereby at least 25 weight% 
(based on the total weight of the composition) of said compounds 

25 have a dielectric anisotropy As of at least 40; and 

■ at least 5 weight% (based on the total weight of the composition) of a 

component O); 

whereby said component (P) comprises at least one compound of 
formula III and/or at least one compound of formula IV and/or at 
30 least one compound of formula V and/or at least one compound of 

fonmula VI and/or at least one compound of formula Vli 
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in which 

a and b are independently of each other 0 or 1 ; 

R*\ R*\ R^, R^, R^, R^, R^' and R^* are independently 
of each other Ci>Ci6 allcyl which is unsubstituted or mono- or 
poly-substituted vyith CN or halogen and in which one or more 
of the CHz groups may be replaced Independently of each 
other by -0-, -S-, -CH=CH-, -C=C-, -CO-O-, -OC-O- such itiat 
there are no hetero atoms adjacent to each other; 

L^^ IsHorF; 

Z*^ is -C0-0-, -CH2O-, -CF2O-, -CH2CH2-. -CFaCFy-, -CH2CF2T. 
-CFzCHz-. -CH=CH-or-C^C-; 
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In which 

L^^ and L^^ are independently of each other H or F. 



It is preferred that said component (a) comprises at least one compound of 
fohfnula l and/or at least one bofhpound of form - - 



25 




II 



c, d, e and f are Independently of each other 0, 1 , 2, 3 or 4; 

R'''' is Ci-Ci5 alkyl which is unsubstituted or mono- or poly- 
substituted with CN or halogen and in which one or more of 
the CI-I2 groups may be replaced independently of each otiher 
by -O-, -S-, <iH=CH-, -CsC-, -C0-0-, -OO-O- such that there 
are no hetero atoms adjacent to each other; 
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is CrCis alkenyl which is unsubstifuted or mono- or p6iy- 
substituied wltti CN or halogen and in which one or more of 
the CHz groups may be replaced independentiy of each other 
by -0-, -S-, -CH-CH-, -CteC-, -CO-0-, -OC-O- such that there 
5 are no hetero atoms adjacent to each ottier; 

Z^^ and Z^^ are independently of each other a single bond or -CM>. 

A further subject matter of this invention is a bistable liquid crystai device 
comprising 

10 ■ two outer substrates which, together with a frame, form a ceil; 
> a liquid crystal composition present in said cell; 
* ^ectrade structures with alignment layers on the inside of said outer 
sut)strata8 whereby at least one alignment layer comprises an 
alignment grafing that pennlts the molecules (compounds) of the liquid 
"i 5 crystal composition to adopt at least two different stable states whereby 

the assembly of said electrode structures with said alignment layers 
being sudh that a sMrttching between the said at least two different 
steibie states is achieved by applying suitable electric signals to said 

electrode structures; 7 " 

20 ■ whereby said liquid crystal composition is said liquid crystal composition 
as described above and below and that comprises said components (o) 
end O). 

In particular, said bistable liquid crystal device is a zenithal bistable nematic 
25 liquid crystal device in which said electrode structures with alignment layers 
on the inside of said outer substrates have at least one alignment layer that 
comprises an alignment grating that permits the compounds (or the director 
or tfie molecules) of said liquid crystal composition to adopt at least two 
different stable states with different pretilt angles in the same azimuthal 
30 plane wheretiy the assembly of said electrode structures with said 

alignment layers being such that a switching between the said at least tivo 
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different sfabte states is achieved by applying suitable electric signals to 
said elisctrode sfructures. 

it win be aclmowledged that the invention is described hereinafter primarily 
5 with regard to the use of the liquid crystal composition above in a zenithal 
bistable nematic liquid crystal device although It may be used In other liquid 
crystal devices as well, for instance. In bistable liquid crystal devices Wke 
azimutiial bisteble liquid crystal devices as disclosed. Inter alia, in WO 
92/00546 and WO 95/22077. Thus, details are given for the zenithal 
10 bistable nematic liquid crystal device but can easily be adapted to the 
requirements of other types of bistable liquid crystal devices. 

n%e-2^iti^Ubistal3ie-i^ma€c-devtce-aTid-ttie-liqurd-Gfystai-eompo8iton-fbF^ 

use in a zenittial bistable nematic device according to the invention stiow 

15 an improved set of parameters said parameters being, inter alia, operating 
voltage, operating window, optical response time'and, especially, clearing 
point. It should be noticed that, for instance, the clearing point of the liquid 
crystal compositions for use in tiie zenithal bistable nematic devices of the 
invention Is significantly higher than the clearing point of liquid crystal - - 

20 mixtures previously used in zenitiial bistable nematic devices. Operating 
voltage and operating window are both in a range useful for operating of a 
zenithal bistable nematic device. 

The cell that Is part of the zenithal bistable nematic device according to the 
25 invention may be any conventional cell which allows the. nematic liquid 

crystal composition to adopt at least two different zenithal bistable states. 
Two pos^bie steit)le states are schematically depicted in Rgure 1 . The two 
different zenithal blsteit^ states are characterized by two different prefa'tt 
angles that are adopted by the liquid crystal molecules in the same 
30 a^muthal plane. The ceil comprises a firame and tNO outer substrates or 
plates and has electrode structures with alignment layers on the inside of 
said substrates. At least one of tiiese alignment lay^s has an zsenHhal 
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allgnmem grating known to those skilled in the art and as described, for 
instance, in WO 97/14990. WO 01/40853. WO 02/08825. and J.C. Jones, 
et al., Proceedings of SPIE Vol. 3956 (2000). 84. 

5 The electrode structures are assembled with the alignment layer(s) in such 
a tfiat (in the case of two stable states) synching ftom one stable state 
to the other can be achieved by applying suitable elecMc signals to the 
electrode structures thereby applying said elec^c signals to the liquid 
crystal composition Inside the cell. Commonly, single pulses can be used 

10 as such suitable electric signals. Details are known to the artisan and 

described in WO 97/14990, WO 01/40853, WO 02/08825. J.C. Jones. J.R. 
Hughes, A. Graham, P. Brett, G.P, Bryan-Brown, IDW '00 (2000), 301, J.C. 
Jones, et al.. Proceedings of SPIE Vol. 3955 (2000), 84, and E. L. Wood. 
P. J. Brett, O. P. Br^-Brown, A. Oraham, R. M. Amos, S. BeMon, E. 

1 5 Cubero and J. C. Jones, "Large /\rea. High Resolutbn Portable ZBD 
Display". SID 02 Digest (2002), 22-25. 

The sut)strate opposite to the substrate having the grating alignment layer 
may have an homeotrppic alignment due to suitable surface treatment (see 

20 Figure 2a)). Switohing upon application of an electric pulse occurs from the 
high tilt or vertically aligned state to the low tilt or hybrid aligned state. This 
switch gives a bIack-to-v\^'[te (B-W) change if the cell is placed between 
crossed polarizers (at 45" to the grating direction), with the brightest white 
state obtained when the vertically aligned state acts as a half-waveplate 

2^ (dAn=^2). This sv\4tching mode is called VAN nrnde. Zenittial bistable 

devices utilizing tiie VAN mode are very insensitive to cell gap variations. 
They require additional optical compensators to achieve wide viewing 
angles. A second switching mode of zenithal bistable devices is called TN 
nmde (see Figure 2b)): The substrate opposite to the substrate having ttie 

^ grating alignment layer has a alignment layer, usually of rubbed polyimlde, 
causing planar alignment of the liquid crystal molecules on said substrate. 
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This in turn causes the twisting of the liquid ciystal director around their 
axis perpendicuiar to the substrates across the cell. Switching upon 
application of an electric pulse now occurs from the low tilt or twisted 
aligned state to ^e high tilt or hybrid aligned state. This switch gives a 

5 blacl<4o-white (B-W) change if the cell is placed between parallel polarizers 
and using the slightly modified TN 1^ minimum condition (as given above) 
accounting for the influence of the ordinary refractive index of the h)^rid 
state. Due to a high normal incidence ccmtrast ratio additional optical 
compensators for achieving wide viewing angles are not required in a 

1 0 transmissive display. Therefore the TN mode is preferred for most of the 
technical applications of zenithal bistable nematic devices. It is also 
possible to build up a zenithal bistable reflective display. For details, also 

with.regard-to-tbe-polarizersAi$edrJtJs-i«ferred4o4AAO-97/^ 

Wood, O.P. 0ryan-Brown. P. Brett, A. Graham, J.C. Jones, and J.R. 

1 5 Hughes, SID 00 (2000). 124, and E. L. Wood, P. J. Brett. G. P. Biyan- 
Brown, A. Graham. R. M, Amos, S. Beldon, E. Cubero and J. C. Jones, 
"Large Area, High Resolution Portable ZBD Dispia/' SID 02 Digest (2002). 
22-25. 

20 in the context of the present invention and with respect to the compounds 
conlained in the liquid crystal composition for use in bistable liquid crystal 
devices and especially in zenitiial bistable nematic devices of the invention 
the term "allcyl" means - as long as it is not defined In a different manner 
elsewhere in this description or the claims - straight-chain and branched 

25 saturated hydrocarbon (aliphatic) radicals with 1 to 15 carbon atoms; the 
hydrocarbon radicals may be unsubsUtuted orsubsGtuted with one or more 
substituents being independentiy selected from the group consisting of F, 
CI, Br. I or CN. This subclass of "alkyi'* containing aliphatic saturated 
radicals may also be designated as "alkanyl". Furthermore. "alKyT Is also 

30 meant to comprise unsubstltuted or likewise substituted hydrocarbon 

radicals In which one or more of the CH2 groups are such replaced by -O- 
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falkoxy". "oxaalkyl"). -S- nhloalkyl*), -CH=CH- ("alkenyr). -CsC- 
CalkfnyT). -CO-O- or-O-CO- that there are no adjacent hetero atoms (O, 
S). Prefsrably, alkyi is a straighl-chain or branched saturated hydrocarbon 
having 1 , 2, 3. 4, 5, 6, 7 or 8 carbon atoms and being unsubstituted or 
6 mono^ or poly-substituted with F. More preferabiy. ailcyi is meant to be 

methyl, ethyl, n-propyl, l-propyi. n-buiyi, i-butyi, t-butyl, n-pentyl. neopentyl, 
n-hexyl, n-heptyi, n-octyl; CF3, CHF2, CHzF; CF2CF3. I^ost preferably, alky! 
is a straight-chain hydrocarbon of up I0 8 carbon atoms. 

10 Since one or more CH2 groups of an ali^ radical may be replaced by -O- 
as described above, the terni "altcyl" also comprises "alKoxy" and "oxaallcyr 
moieties. "Allcoxy" means "O-ailQfr in which the co^gen atom is directly 
iiniced to the group or ring being suisstituted with aXkoyc^ and ailcyl is defined 
as alxive. In particular, "alityl" in "O^li^" means methyl, ethyl, n-propyl, {- 

1 5 propyl, n-butyl, i-butyi, t-butyl, n-peniyl, neopentyl, n-hexyi, n-heptyi or n- 
ocfyl, whereby alley! Is optionally substituted witii F. Most preferably, atkoxy 
is -OCHa, -OC2H5, -O-n-CsHy, -0-n-C4H9, -O-t-CAHg, -OCF3. -OCHFg, 
-OCHF or-OCHFCHFz. In the context of the present invention the term 
"oxaalkyi" comprises all(yl moieties in whidi at least one non^temnirial CH2- 

20 group is replaced by O in such a way that there are no adjacent oxygen 

atoms. Preferably, oxaalkyi comprises straight-chain radicals of the formula 
CtH2i*i-0-(CH2)ir in which t and u are Independently of each other 1. 2, 3, 
4, 5 or 6; especially t is 1 or 2 and u is an integer from 1 to 6. 



If one or more of the CH2 groups of aiicyl are replaced by sulfur a "thioalkyr 
radical is obtained. Thioalkyi comprises alicyl moieties in which at least one 
tenranal or non-terminal CH2 group is replaced by S (sulfur) in such a way 
that there are no adjacent sulfur atoms. Preferably, thioalkyi comprises 
straight-chain radicals of the fomnula CtH2t»i-$-(CH2)ir in which t is 1, 2. 3, 
4. 5 or 6 and u is 0. 1 , 2, 3, 4, 5 or 6; especially t is 1 or 2 and u is zero or 
an integwfifom 1 to 6. 
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In ttie context of the present invention the tenm "aikenyl" mteans an alkyi 
radical in which one or more -CH^CH- moieties are present. When two 
-CH=CH- moieties are present the radical may also be designated as 
"aHodienyi". An alkenyl radical may comprise 2 to 16 csabon atoms and 

5 may be straight-^ihain or branched. It can be unsubstituted or mono- or 
polysubstitufed with F, O, Br. I or CN: one or more of its CH2 groups may 
be replaced Independently of each other by -0-, -S-, -CsC-, -C0-0-, 
-OC-O- such that there are no hetero atoms adjacent to each other. If the 
alkenyl CH=CH moiety is not a temilnal CH2=CH group it may exist in two 

10 configurations, namely the E-isomer and the Z-isomer. In general, the E- 
isomer (trans) is prefenred. Preferably, alkenyl contains 2, 3, 4, 5, 6 or 7 
carbon atoms and means vinyl, lE-propenyl, lE-butenyl, 1E-pentenyl, 1E- 

hex©qyI,4E*eptenyI.-2=pi3openyl,-2E=butraiyl,^E=pentenyI,.2E=hexenyl, — 

2E-heptenyl, 3-butenyI, 3E'pentenyi, 3B-hexBnyI. 3E-heptenyi, 4-pentenyl. 

1 5 4Z-hexenyt. 4E~hexenyl, 4Z-heptenyl, 5-hexenyl and 6-heplenyl. More 
preferred alkenyl Is vinyl. lE-propenyl, 3E-butenyl. 

In the case on© or more CH2 alkyi groups are replaced by -C^- an alklnyl 
radical ls obtained. Also the replacement of one or more CHa-allq^l groups. 

20 by -CO-0- or -O-CO- is possible. The following of these radicals are 

preferred: acetyioxy, propionyloxy, butyryloxy, pentanoyloxy, hexanoyloxy, 
acetyloxymethyl, propionyloxymethyl, butyryloxymethyl, 
pentanoyloxymethyl, 2-acetyloxyethyl, 2-proplonyloxyethyl, 2- 
butyryloxyethyl. 2-acetyloxypropyl, 3-propionyloxypropyl, 4-acetyloxybutyl, 

25 methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl. butoxycarbonyl, 
pentoxycarbonyl, methoxycarbonylmethyl, ethoxycarbonylmethyl, 
propoxycarbonylmethyl, butoxycarbonylmethyl, 2-(methoxycarbonyI)ethyI. 
2-(ethoxycarbonyl)ethyl, 2-(propoxycarbonyl)-ethyI, 3-(methoxycaibonyi)- 
propyl, 3-(ethoxy-carbonyl>pTopyl oder4-(methoxycarbonyl)-butyl. 

30 
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The liquid crystal composition for use In the (zenithal) l3!stable (nematic) 
liquid crystal device of the Invention contains at least two different 
componenis, component (a) and component 0), 

5 Component (a) contains one or preferably more compounds having a high 
dielectric anisotropy Ac of 25 or more, especially of 30 or more. At least 25 
weightyo. preferably 30 weight% or more, (based on the total weight of the 
composition) of the compounds of component (a) exhibit a dielectric 
anisotropy Ae of 40 or more. At least 30 weight% (based on the whole 

10 composition) of component (a) need to be comprised by the liquid crystal 
composition of the zenithal bistable nematic device according to the 
invention. It is preferred that the liquid ciystal composition comprises 35 
welght% or more, even more prefened at least 40 weight%. still more 
prefened at least 45 wefght%, most preferred 50 weight% or more, of said 

15 component (a). 

It has been found by the inventors that component (a) preferably comprises 
either one or more compounds of formula I or one or more compounds of 
formula II or one or more compounds of both formula I and fonnula II 

20 (besides other compounds having the required high dielectric anisotropy 
that may be present). In one prefened embodiment of the invention 
component (a) contains at least one compound of formula I but no 
compound of formula II; In another preferred embodiment component (a) 
contains at least one compound of fomiula II but no compound of formula I. 
26 If component (a) contains at least one compound of fonnula I, said 

compound(s) of formula I may be present in a total amount of at least 5 
weight%, preferably at least 10 welght%, more prefened at least 15 
welght% or more. If component (a) contains one compound of fomnula II. 
said compound of fomiula II may be present in an amount of about 5 to 30 
30 welght%, preferably 8 to 25 weight%. more prefened 10 to 20 welght%. 

However, if component (a) contains more than one compound of formula II, 
the total amount of these compounds Is In the range of about 5 to aliout 55 
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we|ght%, preferably about 8 to about 35 weiglTt%, more preferred about 8 
to about 25 weight%. 




II 



(F)o (F), 
10 



With regard to compounds of formula I c and d may be independently of 
each other 0. 1 , 2. 3 or 4, preferably 0, 1 or 2; that means that preferably 
each oftne pnenyi nngs of?ormula I may be unsubstituted or mono- or dl- 
Bubstituted with fluorine. If present the F substituent(s) may be In any 
position of the phenyl ring substituted. Furthermore, 2" can be either a 
single bond (so that the CN group is directly linked to the phenyl ring) or a 
C-C triple bond thereby foiling a 

-CsC-CN substltuent of the phenyl ring. It Is preferred that Z^^ is a single 
bond. " 

Preferred compounds of Ibrmula I are the following compounds: 
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with r" being defined as above. Preferably, R" in fonmulas I and lA to IM 
is a straight-chain alkyl radical, especially an allcanyi radical with 1 , 2, 3, 4, 
5.pr 6 carbon atoms. Highly, preferred compounds are of general formula . 
20 IA1 wlthn = 1,2.3.4,6ore. 



25 




IA1 



Especially prefenBd examples of compounds of formula I being present In 
component (a) either alone or in combination with each other are the 
following compounds of formula II to 13: 

30 
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5 



10 




II 



12 
13 



It Is preferred to have a mixture of all three compounds II , 12 and 13 in tlie 
liquid (»ystal composWon. For Instance, compound II dibits a dielectric 
anisotropy As of 37.5 whereas compound 13 has a Ac of 36.0. 

With regard to compounds of fomtula II e and f may be Independently of 
each other 0, 1. 2, 3 or 4, preferably 0, 1 or 2; that means that preferably 
each of the phenyl rings of formula II may be unsubstttuted or mono- or di- 
substituted with fluorine. If present the F substituent(s) may be in any 
position of the phenyl ring substituted. Furthermore, Z^"* can be either a 
single bond (so that the CN group is directly linked to tiie phenyl ring) or a 
C-C triple bond thereby forming a -C^C-CN substituent of the phenyl ring. It 
is preferred that Z^^ is a single bond. 

Preferred compounds of formula II are the following compounds: 



30 
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15 



20 




IIJ 



IIK 



IIL 



IIM 



wrth R*^ being defined as above. F»referably, R^^ in fom>uJas II and IIA to 
IIM is a straight-chain alkenyl radical, especially >wlth 2, 3. 4, 5 or 6 carbon 
atoms and n^ost prefen^d with a terminal C=C double bond. Highly 
preferred compounds are of general formula IIB1 with n = 2, 3, 4, 5 or 6. - 




CO, 




•CN 



IIB1 



25 Especially preferred examples of compounds of formula II being present In 
component (a) efther alone or in combination with each other are the 
following compounds of formula 111 to 114: 



30 



EiDPfansszeit ILDez- 13:32 




The most preferred compound of formula li is compound 114 which exhibits 
a dielectric anisotropy A& Of 59.5. 

With respect to component O) said component is present in the liquid 
crystal composition in the zenithal bistable nemaiic device of the invention 
in an amount of at least 5 welght% or more. Apparently, component O) is 
required lor a high clearing point of the liquid crystal mixtures used in 
zenithal bistable nematic device. Component (P) comprises compounds of 
fbrmula 111 and/or formula TV and/or formula V and/or formula VI and/or 
formula VII. 
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10 



15 





III 



IV 



VI 



vu 



with a. b. R^. R*^ R^, R^, R^\ R^. L^'. Z*^ and the 

rings indicated by A, B, C, D, E and F being defined as above. 



With respect to formula 111 it is preferred that a Is 1 . Pref^nred compounds 
2Q offormula III are of the fDlIowing formulas: 



25 



30 




IIIA 



IIIB 



IIIC 



liiD 
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10 



15 




llfE 



IIIF 



IIIG 



with R^"* and being as defined above. Preferably, In formulas III and IIIA 
to IIIG R^^ and R^^ are both independently of each other straight-chain 

f . mo re pr gffsrrmfiBifaigms^malfrall^r^^ 2, 3, 4, fa or e 

carbon atoms, especially straight-chain all^nyl with 2 to 6 cartion atoms, a 
is 1 and L?^ is H or F (for formula III). Highly preferred compounds are of 
formula IHD and HIE. Especially preferred examples of formula III are 
compounds of formula 1111 to 1116: 



20 



25 



30 




1111 



1112 



1113 



1114 
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III6 



1116 



10 



Most preferred compounds of formula III are compounds 1112. III4 and 1116, 
and it is especially preferred to have a mbdure of ail three compounds in 
the liquid crystal composition. 

With respect to formula IV preferred compounds are of formulas IVA and 
IVB in which b is 1 as well as of Ibrmuia IVC in which b is zero: 




IVA 



IVB 



IVC 



25 



with R*\ R** and Z*"* being as defined above; Z*"" is preferably -C0-0-. R*' 
and R*^are both independently of each other straight-chain alkyl. more 
preferred straight-chain alkanyl or alkenyl having 2, 3, 4, 5 or 6 carbon 
atoms, especially straight-chain alkanyl with 2 to 6 carbon atoms. 
Compounds of formula l\^ are more preferred. Especiatly preferred 
examples of formula IV are compounds of formulas IV1 to IVS'as wdl as of 
formulas IV4 and IV5: 



30 
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20 



it is .especially preferred to have a mbcture of compounds iV1 , IV2 and IVS 
In the liquid crystal oomposttion. 



25 



Preferably, in fbrmula V is straight-chain allcyi, more preferred straight- 
chain alicanyl or ailcenyl having 2, 3. 4, 6 or 6 carbon atoms, especially 
straigiit-chain alicanyl with 2 to 6 carbon atoms, and Is straight-chain 
allQrf or, more preferred, aVmyy having 1, 2, 3 or 4 carbon atoms. Especially 
preferred examples of formula V are compounds of formula VI to V6: 



30 
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25 




In which n Is an Integer from 1 to 6, preferably 2, 3 or 4, especially 3. 
Preferred compounds of formula V are compounds of formula V2, V4 and 
V6 with n = 3 (giving an n-jsropyl substituent). It is preferred to have a 
mixture of all three compounds V2, V4 and V6 in the liquid crystal 
composition. 

Preferably, in fomnula VI R^** is straight-(^ain alkenyi, especially straight- 
chain alkenyl having 2, 3, 4 or 5 carbon atoms, and Is straight-chain 
alkanyl or alkoxy both having 1 , 2, 3, 4 or 5 carbon atoms (formula VIA or 
VIB with n B 1, 2, 3, 4, 5 and m = 1, 2, 3. 4, 5). 



30 
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Preferred compounds of formula Vi are compounds of fbrmule Vh to Vl4: 




Especially preferred are compounds of formula VI1 , V13 and VI4. They may 
be used alone or. more preferred, as a mixture of two or three compounds. 

Regarding compounds of formula VII specific compounds are of the 
following formulas 
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VHA 



VIIB 



VIIC 



VIID 



16 



20 



with r'^^ and R^^ being as defined above. Preferably, R'^' and R^ are 
straight-chain alkyl. especially alkanyl, with 1 » 2, 3, 4. 5 or 6 caibon atoms. 
Preferred compounds of fomiula Vil are; 




VIIC1 



VIIDI 



With n and m being Independently of each other 1. 2, 3, 4, 5 or 6. Especially 
prefenred ^camples of compounds of fbmnula VII are 



25 



30 




Vlil 



VIE 



VI 13 
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Component (P) is used in an amount of 5 weight% or more in the liquid 
crystal composition comprised in the zenithal bistable nematic devices 
according to the invention. When component (a) comprises at least one 
compound of fonnula II, it is prefen^ed that the liquid crystal composition 
comprises 8 weight% or more of component (P). When there is no 
compound of formula I in component (a), an amount of at least 10 welght% 
of component O) is even more preferred, in certein emiradimente of the 
Invention a total amount of 15 or 20 weights or more of component O) is 
highly preferred. 

in an actual embodiment of the invention component (P) may contain one 
or more compounds of only one of the formulas III or IV or V or VI or VII. It 
is also possible that it contains one or more compounds of two, three or 
more of the formulas III to VII. It may contain an equal or a different amount 
of compounds of each formula used. It is preferred that component (P) 
cbhteins one or more compounds of one or two of the formulas III, IV, V, VI 
or VII. If compounds of tMVO of the formulas III to VII are contained, any 
combination Is possible, i.e. III+IV or III+V or Ill+Vi or lll+VII or IVtV or 
IV+VI or IV+VII or V+VI or V+VII or Vl+VII; both types of compounds may 
be used in an equal amount, or one of the types may be used In an excess 
with regard to the other one. for instance, in a ratio of 2:1 . It is preferred 
that an equal amount of both types of compounds is used. In case that 
compounds of two of the fonmuias III, IV, V. VI and VII are contained in 
component O). it Is also preferred that one type of the compounds is of 
fbmiula III. Thus, especially preferred combinations are III+IV. III+V. III+VI 
and lll+VII. When component (a) comprises at least one compound of 
fbnnula II, it is preferred that component O) comprises compounds oftNO 
of the formulas III, IV. V, VI and VII. 



15 



20 



25 



30 
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It will be acknowledged that other compounds than those offomnilas 1 and 
il may be present in component (a) as long as they have a sufficiently tilgh 
dielecfaical anisotropy Ae and are not detrimental to the set of parameters 
as ouflined above. 

5 

Thus, ft Is prefBired that component (a) of the liquid crystal composition 
used in the zenithal bistable nematic device of the Invention also comprises 
one or especially more compounds of formula VIII 



10 




VIII 



in which 

g and h are independenHy of each other 0, 1 . 2, 3 or 4; 

is C1-C16 alM which is unsubstltuted or mono- or poly- 
substituted with CN or halogen and in which one or more of 
the CH2 groups maybe replaced independently of each other 
by _o-, -5-, -c^c-, -C0-O-. -OC-O- sucli that there are no 
hetero atoms adjacent to each other (which means that 
does not comprise any alkenyl radical); 

Z?^ a single bond or -CsO. 

With regard to compounds of fbnnula VIII g and h .may be independently of 
each other 0, 1 , 2, 3 or 4, preferably 0, 1 or 2; that means that preferably 
each of the phenyl rings of forrmila VIII may be unsubstituted or mona^ or 
dl-6ub5tltuted with fluorine. If present the F substituent(s) may be in any 
position of the phenyl ring substituted. Furthermore. can be either a 
Single bond (so that the CN group is directly linked to the phenyl ring) or a 
C-C triple bond thereby fbnming a -CsC-CN substituent of the phenyl ring. It 
is preferred that Z^^ is a single bond. 
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Preferred oompounds of fonnuia VIII are the following compounds: 




VIIIA 



VIIIB 



Vine 



VIIID 



VIIIE 



VIIIF 



VillG 



VIIIH 



F 
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VIIIJ 



VIliK 



VIIIL 



VIIIM 



>Arith R®^ being defined as alcove. Preferably. R" in foimulas VIII and VlilA 
to VlilM is straight-chain alkyi, especially stra'^ht-chain alkanyl having 1^ 2, 
3, 4, 5, 6, 7 or 8 carbon atoms. Highly preferred compounds are of general 
fonnulas VIIIA1 and VIIIB1 with n = 1 , 2, 3, 4, 5 or 6. whereby (^impounds 
of fbrmula VIIIA1 are most preferred. 



VIIIAI 




VIIIB1 



^ Especially preferred compounds of fbrmula VII I are compounds of fcmiuia 
Villi to VIII6: 
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VIII2 



VIliS 



VIII4 



VIII5 



VIII6 



Among these compounds of fomiulas Villi (having a dielectric anisoiropy 
Ac of 53.7). V1I12. VIII3 (A£ » 44.9) and VIII4 (Afi - 43.0) are most prefeired. 
If present the total amount of compounds of formula Vltl Ui the liquid crystal 
composition for use in the zenithal bistable nemaQc devices of the invention 
may be about 10 we!ght% or more (although even smaller amounts are 
possible as well), preferably 20 weight% or more, more preferred in ttie 
range of about 25 to 60 welght%, still more preferred in the range of about 
35 to about 55 we!ght%. When used as a mixture different compounds of 
formula Vill may be contained in component (a) In an almost equal 
amount For instance, if compounds of formulas VIU1 to VIII4 are used, 
they may be contained in an 1:1:1:1 ratio. 



EnPfansszeit It-Dez- 13:32 



UUifiAio<rru'i09i.«9iajouv 



.38- 



In another preferred embodiment of ttie Invention component (a) of the 
liquid Giystal composition for use in the zenithal bistable nematic devices 
comprises at least one compound of fomfiula IX* 





In which 

J IsOorl*. 

R^^ is C1-C15 ali<yl which is unsubstituted or mono- or poly- 
substituted with CN or halogen and In which one or more of 
the CH2 groups may be replaced by -S-. -CHsCH-, -C^sC-, 
-CO-0-, -OC-0- sudi that there are no het^o atoms adjacent 
to each other; 

^ and are Independently of each other a single bond or 

-CsC-: 




I 
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In Which 

L®'. L^. and L*^ are independently of each other H or F. 

Preferred class^ of compounds comprised by formula IX are compounds 
5 of formula IXA to IXE In which te a single bond: 




IXA 



IXB 



IXC 



IXD 



iXE 



in which R^"" is defined as above and preferably means a straight-chain 
alkyi with 1 to 8 carbon atoms, especially a straight-chain alkanyl or aikenyl 
having 2, 3, 4, 5 or 6 carbon atoms; is a C-C triple bond or preferably a 
single bond; and L^. L^. and L®* are H or F with and L®^ being 
preferably H. Preferred compounds of formulas IXA to IXE are 
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IXD1 



IXD2 



iXE1 



(XE2 



in which i^ Is as defined above. 



Some spedfic examples of compounds of formuia IX are - 

20 




F 
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If these compounds are present in component (a) their total amount may 
range ftom about 5 to about 45 weightP^. It is preferred that only one type 
of compounds of fomnulas IXA to IXE are present In the liquid crystal 
5 composition for use In the Invention for the same time. 

In another preferred embodiment of the invention the liquid crystal 
composition for use In the bistable liquid crystal device and especially in the 
zenithal bistable nematic device according to the invention further 

1 0 comprises 3 weight% or more of a component (y) containing one or more 
compounds having an optical anisotropy An of at least 0,20. It has been 
found that the use of this component (y) may decrease the operating 
voltage Vopt of the liquid crystal composition, in general, component (y) can 
comprise any (meeogenic) compound ^iblting a An of at least 0,20 that Is 

1 5 not detrlmcmtal to the set of parameters importent for use In zenithal 

bistable nematic liquid crystal devices, it is preferred that componmt (y) 
comprises tolanes having a An of at least 0,20, especially at ies^ one 
toiane compound of formula X: 



20 




X 



in which 

k IS 0, 1.2. 3 or 4; 

R^^ and R^°^ are independently of each other C1-C15 alkyl which 
Is unsubstituted or mono- or poly-substituted with ON or 
halogen and in which one or more of the Cl-i2 groups may be 
replaced by -0-. -S-, -CH=CH-, -CsO, -CQ-0-. -OC-O- such 
that there are no hetero atoms adjacent to each othen and 
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K 



is 




or 




Pr^erred are compounds of formula XA 



10 




XA 



16 



20 



In which n and m are independently of each other 1 . 2, 3, 4, 5 or 6 and k is 
;JjOiLpi^iabfy^.-Rieferied-examples-are-o^omnuIa-IX^ 
3or4and mbeing 1,2,3,4or5: ^ 




IXA1 



Among these compounds IXA1a and IXA1b are most preferred: 



25 



30 




iXAIa 



IXA1b 
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If piesent component (y) Is contained in an amount of at least 3 weights, 
preferably at least 5 weight%. 

The liquid aystei composition for use In the bistable liquid crystal devices 
and especially In ttie zenithal bistable nematic liquid crystal devices of tiie 
invmtlon may oompilse further substances for adjusting several properties 
of said composition If desired. For rample, some offline substances may 
be used for adjusting the viscosity of the liquki crystal composition. In 
certain embodiments the liquid crystal composition for use in the zenithal 
tiistable nematic devices according 1o the Inventton comprises at least one 
compound of formula XI and/or at least one compound of fbnnula Xli 
and/or at least one compound of formula Xili and/or at least one compound 
offomiulaXIV 




In>A^ich 
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R^''' and R"*^ are independently of each other QrCis alkenyl 

which is unsubstituted or mono- or poly-sul)stituted with CN or 
halogen and in which one or more of the CH2 groups may be 
replaced Independently of each other by -0-, -S-. -CH=CH-, 
-CsO, -C0-0-, -OC-O- such that there are no hetero atoms 
adjacent to each other; 

PJ121 pi3i^ ,^132 g^ji 1^141 Independently of each other C1-C15 

allcyl which Is unsubstituted or mono- or poly^ubstituted with 
CN or halogen and in which one or more of the CH2 groups 
may be replaced Independenfly of each other by -0-, -S-, 
-CH«CH-, -CsC-, -CO-O-, -OC-O' such that there are no 
hetero atoms adjacent to each other; 

R^^ is C1-C1B alkvl which is unsubstituted or mono- or p oly- 

substituted with halogen and In which one or more of the CYiz 
groups may be replaced independently of each other by -O-, 
-S-, -CH=CH-, -CeC-, -C0-0-, -OC-O- such that there are no 
hetero atoms adjacent to eadi other; 

Y"' Is F, CI, C1-C1S alkanyl which is mono- or poly-substituted with 
halogen, or Ci-Cis alkoxy, which is mono- or poly-substituted 
with halogen; 

L^^^ and L^^^ are independently of each other H or F; and 




The exact nature and amount of these compounds within the liquid crystal 
composition depend on the specific mixture and the desired effect and can 
be easily chosen by the skilled person. 
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Preferred compounds of formula XI are compounds of fbmiula XIA or XIB 




XIA 



XIB 



10 



with n being 2, 3, 4. 6 or 6 and Y^^^ being selected llrom CI, CPs and 
OCFs. EspedaHy preferred compounds of formula XI are the following 
compounds: 



15 



20 



25 




XII 



X12 



Xt3 



XI4 



The most preferred oompound of fomiula XI is compound XII . 



Preferred comrK>unds of formula Xli are compounds of fomiula XliA, XIIB, 
30 XIIC. XIID. XilE and XIIR 
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C„H, 



10 ^ 0-\ >-OC„K^ 







XIIA 



XIIB 



XIIC 



XIID 



15 



20 



with n being 1 , 2, 3, 4, 5 or 6 and m being 1 , 2, 3, 4, 5 or 6. Specific 
examples of compounds of fbnnula XII are tiie following compounds: 



25 





/ XI12 

30 ^ 
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5 C„H3^-H^-S-<^^OC„H^ 



XillA 



XIIIB 



with n being 1 , 2. 3, 4, 5, 6. 7 or 8 and m being 1 , 2, 3. 4, 5 or 6. Espedally 
preferred examples of compounds of formula Xlll are the following 
compourKis: 



Xlill 



15 



20 




25 



Xiil2 



XIII3 



XIII4 



Xili5 



xiite 



30 



Prefened compounds of fomiula XIV are compounds of formula XIVA 
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with n being 1, 2. 3, 4, 6, 6, 7 or 8 and m being 2, 3, 4, 5 or 6. Specific 
examples of compounds of fbrrnula XIV are the fbllowing compounds: 



10 



15 




XIV1 



XIV2 



XIV3 



XIV4 



XIV5 



The most preferred compound of fbnnula XIV is compound XiV2. 



20 



25 



The liquid crystel compositicm for the use according to the invention in the 
zenithal bistable nematic liquid crystal devices may also comprises 
mesogenic substances having a medium dielectric anisotropy of As of 
about 8 to 10 or more, for instance one or more compounds of formula XV 
and/or one or more compounds of formula XVI, preferably in an amount of 
up to 30 weight%. more preferred of up to 20 weight%: 



30 
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10 




XV 



XVI 



in which 

R^^"* and R''®'' are independently of each other C1-C15 alkyi which is 

unsubstituted or mono- or poly-substituted with CN or halogen 



and in which one or more of the CH2 groups may be replaced 
^5 independently of each other by -0-, -CHs»CH-» -0=C-. 

-CO-O-, -OOO- such that there are no hetero atoms adjacent 
toeachothen 

Y'®' and Y^^ are independently of each other F. Cf, Ci-Cie alkanyl 

, which is mono- or poly-substltuted with halogen, or C1-C15 

20 alkoxy, which is mono- or poly-substttuted with halogen: 

L^''' and are Independently of each other H or F; and 

Z^** is-CO-O-.CHaOorCFaO. 



Preferably these compounds are of formulas XVA, XN^B and XVIA, 
25 respectively: 




XVA 
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5 




XVB 



XVIA 



10 with n being in all three formulas 1 . 2, 3, 4, 5, 6 or 7. These substances 
may influence both the operating voltage and the operating window of the 
liquid crystal composition for use In the zenithal bistable nematic devices of 
the Invention as desired. 

15 It Is furtiier preforred that the liquid crystal composition for the use of the 
Invention is a nematic liquid cr^tal composition. 

It will be acknowledged by those skilled in the art tiiat the liquid crystal 

composition for the use according to the invention may also comprise 

20 further (mesogenic) compounds i^esides those disclosed in more detail in 
tfils specification. A vtMe variety of mesogenic compounds may be used as 
long as they are not detrimental to the set of parameters important for the 
use of Uie bistable liquid crystal composition according to the invention. 

25 A forttier subject matter of the present Invention is a liquid crystal medium 
comprising 

" at least one compound of formula I as defined above; and 
" at least one compound of formula III and/or at least one compound of 
formula IV and/or at least one compound of formula V and/or at least 
30 one compound of fonnula VI and/or at least one compound of formula 

VII all being as defined above. 
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Said medium optiormlly comprises at least one compound of formula VIII 
as defined above. 

Still a lUrther subject matter of the present invention is a liquid crystal 
5 medium comprising 

m |0g0t one compound of fonmula II as defined above; and 
■ at least one compound of fonmula III and/or at least one compound of 
fomiula IV and/or at least one compound of fbnnula V and/or at least 
one compound of fomiula VI and/or at least one compound of fomiula 
10 Vil all being as defined above. 

Said medium optionally comprises at least one compound of fonmula VIII 
as defined above. 

Tlie liquid crystal oomposftion for use in the zenithal bistable nematic 
1 5 devices of the invention may also contain an optically active component (?) 
as a dopant In an amount of 0 to 3 weight%. The chiral dopant may be 
useful to remove reverse twwst domains in the TN nu)de. There exists a 
wide variety of compounds suitable as members of component (0 all of 
which are readily available. Exemplary substances are - - — - . 
20 cholesterylnonanoate (CN), 8-81 1 . S-1 01 1 and 8-201 1 and CB15 (Merck 
KGaA, Dannstadt, Germany). Although S-81 1 might be a prefened dopant, 
the specific choice of the dopants is not a critical issue. 

The liquid crystal composition for use In the zenithal bistable nematic 
25 devices of the Invention may also contain one or more light stabilizers 
and/or additives like pieochromatlc dyes known in the state of the art 

Ail the compounds used in the liquid crystal composition of the bistable 
liquid ciyetal devices are either commercially available or can be readily 
30 prepared by methods known to those skilled in the art and as described in 
the standard text books of organic synthesis, for instance, in Houben-Weyl. 
Methoden derOrganlsChen Chemle. Geoig-Thieme-Veriag, Stuttgart The 
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Ifquld ciysted composition will be prepared by applying standard protocols 
and techniques. In general, the desired amount of the minor oomponent(s) 
will be dissolved in the major component, usually under elevated 
t^perature. Alt^naUvely, solutions of components In organic solvents like 
6 acetone, chloroform or methanol, can be mixed and afteiwards the 

solvent(s) can be removed. e.g.. by distillation. Likewise, manufacturing of 
the bisteible devices according to the invention will follow standard 
techniques known to the artisan. 

10 In the present description and the following examples the stnjctures of the 
mesogenio compounds disclosed are described by using acronyms. Said 
acronyms can be transformed into chemical formulas according to Tables 
A and B. in these tables, radicals CnHzrrH and CmHsm+i are straight-chain 
alkyi radicals having n and m carbon atoms, respectively. Alkenyl radicals 

15 have the trans configuration. The codes according to Table B are seif- 
evMenL In Table A, only the acronym for the parent structure is given. In 
Indivkiual cases, the acronym fertile parent structure is followed, usually 
separated by a hyphen, by a code for the substituents R"*, R^, L"* and L^as 
given below: 

20 

Code of R\ R^ R^ 
R^ L\ 



n QiHanti CN H H 

25 nm Crtl^zn-ci CmHam+i H H 

nOm CnHsn-H 0CmH2m+l H H 

nF CnH2n^^ F H H 

nN.F CnHam CN F H 

nN.F CnHavM CN F H 

30 nN.F.F CnHarti CN F F 



I 
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Table B: 



5 


CM 


CBCHnm 
















10 




F 

CBC-nmF 












-COO— 





CP-nm 

15 



-{^^y^^^y coo— ^o^-c^Ha^ 



CP-nmF 



CC-n-V CC6-V-F 



25 CCP-Vn-m 




F 

H >-< O >-F 




^ h;^h/-\o>-c„h 



'iDr<an»1 



^ y — ^O^COO — ^O^CN 



CCP-V-m PZU-V2-N 

30 
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CVCP-V-m 



25 

PYP-n CPTP-n(0)m 




PCH-nN.F.P D-n(0)m 
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Table C: 

Table C shows dopante optionally present in the liquid crystal compo^ons 
for use in the zenithal bistable nematic devices of the invention (component 

(0). 




CH3 CH, 
10 c 15 CB 16 

0-^o)-CsH„ 

CM 21 



CeH,3.CH-0— ( O 




15 0^0^^° /-^^O 




0-(fH-CeH,, 
CH9 



R/S-811 

20 



C3H, -^Hy-^7y-^2>- CHa-CH-CjHs 



I 



CM 44 



CM 45 CM 47 

30 CaH,^--^H^--^^O^COO-CH-CH2-CK)C■-■^^ 
R/8-1011 




I 
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Table D: 

Table D shows stabilizers optionally present in the liquid ciystal 
oc mpositions for use in the zenlfhal bistable nematic devices of the 
invention. 



10 



IS 



20 




25 



30 





CM 



O ) — OH 




Hg,C„-COO^?aH,— < O >-OH 
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30 



EiiiPfansszsit ll.Dez. 13:32 




EoPfansszeit H.Dez- 13:32 



U)208e*013SL(Biu>ae 



-65- 



related to the total 



5 



10 



Percentages given herein are weight% and generally 
amount of a composftion or mixture except stated oti- errwise. Temperatures 
ar^ given in degree Celsius CC) unless stated otiierM|ise. Tni means tiie 
iring point at which a nematic medium becomes isotropic. An is the 
opltical anisotropy (birefringence) (at 589 nm, 20 "C). means the 
die tedrio anisotropy (at 1 1^Hz, 20 "C). Ki Is the splay elastic constant, and 
Kg is the bend elastic constant both given In pN. Bee roopUcal data has 
been determined in a VAN zenithal bistable nematic cefl. Except stated . 
otr lenwise the measurements have been performed at 20 'C. Vopi Is the 
CO Tected operating voltage (In V) derived from the conecfced switching field 
Et ^iooiis (at 25 -C; In zenithal bistable test cells with the actual cell gap d 
of about 2,8 to about 6 |jm; 100 ms pulse) by Vopt = Ei.c®ioous'dopt (with dopt 
(in |im) b^ing k^{2lin); h^53jmii..^/«ath^i^^ rected operating. 



15 



20 



wli idow at a 400 ps pulse for B-W-switcWng and reverse switching (in V); it 
Is salcuiated from the experimental switching field wf r idow AELc@400Ma (a* 25 
•C ; 400 »is pulse) multiplied with dopt defined as givenj above. Optical 
rei sponse time Topi (in ms) is calculated from -cbpt - t d' opi/^ with x being the 
ex jerimentai response time, dopt being as defined above and d being the 
experimental cell gap. - . - 



The following Examples should further illustrate the p ^ent Invention as 
described above and in the claims but not meant to restrict Its scopa 



25 



30 
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Examples 

samples were prepared by weighing out the appropriate weight 
ariounts (percentage weight/weight) of the individual components. The 
ss mpie was ttxen homogenised by heating into ttie is stroplc phase and 
th^ughly mixing. The mixture was then sQrred with a given concentration 
of alumina and then filtered (0.2(im) to just leave the liquid crystal mixture. 
Tiie nematic to isotropic transition temperature (or cl saring point. Tni), 
dielectric anieotropy (As), birefringence (An), splay and bend elastic 
constants (Ki and K3). and rotational viscosities (yi) \ /ere determined as 
described in the Merck brochure "Physical Properties of Uquid Crystals — 
D ^criptlon of the measurement methods", ed. W. Backer (1998). Values 
fior dngle compounds are extrapolated from ^ose determined using a 
known concentration (usually 10 weight% of the sln£ le compound) In a 
slandard tiost mbdure forwhich the Initial mixture va ues are also known. 
T -le electrooptical performance of each misdure in a zenfihai bistable 
n »matic device was measured using a simple experi mental set-up and the 
VAN type test cells. This required a transmissive mode micrscope with a 
n lounted photo-detector connected to an oscilloscope. This allowed the 
transmission through crossed polarisers to be monitsred, The test cell was 
niourtted on a heating stage under the microscope 1 3 permit measurements 
et25"C. Bipolar electrical pulses (of varying duration and voltage) were 
used to ensure that there was no net d.c. voltage ap pHed to the cell. The 
ti ailing edge (and so polaifty) of each pulse tiierefbrs determined the final 
suvitched state (depending on the duration and voltage). Two signal 
S eneratois were necessary to ensure that the oonei ;t initfai state is first 
selected, with the first signal triggering the second (ivith an appropriate 
f hase difference). Both signals were amplified tsy ptassing the output of the 
« Ignal generators through an amplifier before being connected to the test 
c eil. For the B-W transition, the voltages required for 10 and 90% 
t wsmls^n changes and reverse 90 and 10% trar amission changes were 
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sasured for various pulse durations. Fertile W-B ti 
^ired for 90 and 10% transmission changes only \ 
rious pulse durations. These levels were set on the 
and 100% transmission levels were known O.e. bla 
iy could also be used to determine the optical resp 
insttion (Ibr 10 to 90% transmission changes). 

^ type test cells were used with cell gaps fypicall> 
msmlssive mode and with crossed polarisers. Due 
icknesses and different mixture An values, the reia 
>timised but tiiis is not crucial as it only decreases 1 


• 

ansition, ttte voltages 
irere measured for 
i oscilloscope once the 
:k and white), and 
onsetimeof the 

3-5)im, in 
to the varying <»H 
Pdation was not 
he contrast 
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ample 1 








C( 


»inDound 


Amount (wt%) 


Tni rc) 




92.4 




ME2N.F 


12 


Ae 




43,7 




ME3N.F 


12 


An 




0.1428 




ME4N.F 


12 


Ki (dN) 




7.6 




ME5N.F 


12 


KafoN) 




22.5 




HP-3N.F 


5 


Vnnt(V> 




11.4 




HP-4N.F 


5 






7.3 




HP-«N.F 


5 


tort (me) 




56 




C05-V 


10 


y1 (mPa.s) 




448 




CCQ-V-F 


15 










CCPC-33 


4 










CCPC-34 


4 










CCPC-36 


4 










Totat 


100 








E: 


cample 2 




C 


ompound 


Amount (wt%) 






82.6 




ME2N.F 


12 


Ae 




43.4 




ME3N.F 


12 


An 




0.1465 




ME4N-F 


12 


Ki (dN) 




7.8 




ME5N.F 


12 


K?(pN) 




17.2 




HP-3N.F 


5 






14.9 




HP-4N.F 


5 


AVoDt(V) 




9.6 




HP-5N.F 


5 


•c6Dt(nns) 




38 




CC-5-V 


16 










CCG-V-F 


10 










CCPC-33 


3 










CCPC-34 


3 










CCPC-35 


2 










PPTUI-3-2 


3 










TcOaf 


100 
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Examples 



Compound 



ME2N.F 



ME3N.F 



ME4N.F 



HP-3N.F 



HP-4N.F 



HP-5N.F 



CC-5-V 



CCG-V-F 



CCPC-33 



PPTUI-3-2 



CCPC-34 



CCPC-35 



Toial 



Example 4 



Coimpound 



ME2N.F 



ME3N.F 



ME4N,F 



ME5N.F 



HP-3N.F 



HP-4N.F 



HP-5N.F 
CCG-V-F 
CCPC-33^ 
CCPC-34 
CCPC-35 
PDX-3 
PDX-4 
PDX-5 

Total 



69 



Amount (wt%> 



6.5 



6.5 



4.5 



4.5 



20 



16 



45- 



6 



100 



Tn. rc) 



As 



An 



Amount (wt%) 



12 



10 



6 



8 



12 
9 
8 
100 



T ni CO) 



An 



Ki (pN) 



AV^t(V) 



Tont (ms) 



92.3 



43.1 



0.1402 



8.3 



14.1 



14.5 



4.7 



45 



97.5 



39.1 



0.1454 



8.4 



19.6 



18,0 



14.9 



67 
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Cc 


impound 


Amount (wf%) 


Tni CO 


88.9 




ME2N.F 


6 


Ae 


38.4 




ME3N.F 


6 


An 


0.1462 




ME4N.F 


5 


Ki (pN) 


7.8 




ME5N.F 


5 


Ka (dN) 


16.7 




HP-3N.F 


4 


Voot (V) 


10.4 




HP-4N.F 


4 


*^ • opi V *' / 


1.1 




HP-5N.F 


4 




32 




CC-5-V 


10 








CCG-V-F 


16 








CCPC-33 


4 


• 






CCP034 


4 








CCPC-35 


4 








P2U-V2-N 


10 








PPTUI-3-2 


8 


» 






'CH-^N,F.F 


10 








Total 


100 







20 



26 



30 
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Compound 



ME2NJ= 



ME3N.F 



ME4N.F 



ME5N.F 



PZU-VZ-N 



CPTP-301 



CPTP-302 



CPTP-303 



0-301 



D-302 



D-401 



D-402 



Example 7 



CBO-33F 



CBC-53F 



CBC-65F 



Total 



-71 



Amount (wt%) 



10 



10 



10 



10 



10 



6 



6 



100 



Tni rc) 



Ae 



An 



Ki(PN) 



AVont(V) 



88.7 



44.2 



0.1709 



9.4 



18.2 



11.6 



9.3 



36 



c 


bmpound 


Amount fwt%) 


TniCC) 


91.6 




ME2N.F 


10 


Ae 


43.3 




ME3N.F 


10 . 


An 


0.155 




ME4N.F 


10 


Ki (pN) 


9.9 




ME6N.F 


10 




16.5 




PZU-V2-N 


10 




11.0 




CPTP-301 


5 


AV««»(V^ 


5.1 




CPTP-302 


5 


Tool (ms) 


20 




CPTP-303 


5 


Yi (mPa.s) 


319 




CC-5-V 


20 








CCPC-33 


5 








CCPC-34 


6 








CCPC-35 


5 








Tolsl 


100 
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• 

simple 8 




>inpound 


Amount (wt%) 


Tni CC) 


91.3 




ME2N.F 


10 


Ae 


46 7 




ME3N.F 


10 


An 


0.2077 




. ME4N,F 


10 




11.1 




ME5N,F 


10 


KafpN) 


18.5 




PZU-V2-N 


10 


* ODI \ » / 


16.1 




CPTP-301 


5 


AV«nf OA 


8^ 




CPTP-302 


5 




W 




CPTP-303 


6 




452 




PTP-102 


5 








PTP-201 


5 








PTP-301 


5 








PTP-302 


5 








CCPC-33 


6 








CCPC-34 


6 








CXJPC-35 


5 








Total 


100 
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Examples 



Compound 



ME2N.F 



ME3N.F 



ME4N.F 



ME5N.F 



HP-8N.F 



HP-4N.F 



HP-6N.F 



CCG-V-F 



CCPC-33 



CCPC-34 



CCPC-35 



Amount (wt%^ 



12 



12 



12 



12 



5 



15 



Tm. CO 



An 



Ki (PN) 



96.2 



47.0 



0.1508 



7.9 



21.8 



11.6 



2.2 



47 



15 



20 



25 



30 



CCP-V2-1 



8 



Tote/ 



100 



Example 10 



Compound 



ME2N.F 



ME3N.F 



ME4N.F 



ME5N.F 



PZU-V2-N 



CCQ-V-F 



CCP-V-1 



CCP-V2-1 



CVCP-V-1 



CVCP-V-01 



CVCP~1V-Q1 
CCPC^ 
CCPC-34 
CCPC-3S 
Total 



Amount (wt%) 



10 



10 



10 



10 



10 



10 



5 



100 



An 



V°°t(V) 



AV«m (V) 



98.1 



46.3 



0.1439 



8.5 



18.4 



11.8 



6.5 



49 
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Example 11 



Co 


mpound 


Amount (wt%) 


Tn, rC) 


99^ 




ME2N.F 


10 




43.3 




ME3N.F 


10 


An 


0.1453 




ME4N.F 


10 


Ki (pN) 


9.8 




ME5N.F 


10 


KafpN) 


12.7 




PZU-V2-N 


10 




14.9 




HP-33 


10 


Tbot(ms) 


54 




HP-«3 


10 








HD-34 


10 








HD-^ 


10 








CP-33 


5 








CP-35 


5 








Total 


100 







Comparafive Eirampte 

1^4106204 (Merck KGaA, Darmstadt) was tested under similar conditions 
as the Examples according to the Invention: 



Tn, rC) 


62.4 


A€ 


35.2 


lAn 


0.1484 


ki foN) 


7.6 


|K3(dN> 


14,8 




11.8 


lAV^ot (V) 


7.3 


toDt (ms) 


41 


Yi (mPa.s) 


358 



30 
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Claims 



Use of a liquid crystal composition in a bistable liquid crystal device 
said composition comprising 

at least 30 welght% (based on the total weight of the composition) of 
a component (a) containing one or more compounds having a 
dielectric anisotropy Ae of at least 25, 
whereby at least 25 weight% (based on the total weight of the 
composition) of said compounds have a dielectric anisotropy As of at 
least 40; and 

at least 5 walght% (ba sed on the total welfiht of the composition) of a 
component (fi); 

whereby said component (p) comprises at least one compound of 
Ibrmula III and/or at least one compound of fomiuia IV and/or at least 
one compound of formula V and/or at least one compound of formula 
VI and/or at least one compound of formula VII 



ill 



IV 





CH«( 




VI 
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CO: 




372 



VII 



in which 

a and b are independently of each other 0 or 1 ; 

f^, R*\ R«^. R«^ R^, R^. R«2, R^i and R^ are independently 
of each oUier Ci-Cis alkyi which Is unsubstKuted or mono- or 
poty^ubstttuted wRh CN or halogen and In which one or more 
of the CH2 groups may be replaced independently of each 
other by -0-. -S-. -CH=CH-. -OC-, -C0-0-. -OC-0- such that 
there are no hetero atoms adjacent to each othen 



31 



isHorF; 



Z*^ is -C0-0-. -CH2O-, -CF2O-, -CHaCH^-, -CF2CF2-, ^HgCF^-. 
-CF2CH2-, -CH=CH- or-CsC-; 



25 






are independently of each other 



and 





or 



30 




B 



is 




or 
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3. 



77- 




Is 




or 




In which 



L^andL^ 



are independently of each other H or F. 



Use of a nquid aystal composition according to daim 1 whereby said 
bistabie liquid crystal device is a zenithai bistable nematlo liquid 
crystal device. 



Use of a liquid crystal composition according to ariy one of claims 1 or 
2 whereby said component (a) comprises at least one compound of 
formula I and/or at least one compound of formula 11 




z"-CN 



1 



(a 

in which 

c, d, e and f are Independently of each other 0, 1 . 2. 3 or 4; 
is Ci-Ci5 alkyi which is unsubstituted or mono- or poly- 
substituted with CN or halogen and in which one or more of 
the CHz groups may be replaced independently of each other 
by -0-, -S-, -CH»CH-. -CH>, -C0-0-, -OC-O- such that there 
are no hetero atoms adjacent to each pther; 
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Is C2-C16 alkenyl vidiich is unsubstituted or mono- or poly^ 
substituted with CN or halogen and In which one or more of 
the CH2 groups may be replaced independently of each other 
by -0-, -S-, -CIHbCH-, -C^, -CO^, -OC-O- such that there 
are no hetero atoms adjacent to each other, 
and 2?* are Independently of each other a single bond or -C^C-. 

Use of a liquid crystal composition according to any one of dalms 1 to 
3 whereby said component (a) comprises at least one compound of 
fonnuIaVlil 




in which 

g and h are independently of each other 0, 1 , 2, 3 or 4; 



VIII 



281 



is C1-C15 all^yl which is unsubslituted or mono- or poly- 
substituted with CN or halogen and in which one or more of 
the CH2 groups may be replaced Independently of each other 
by -0-, -S-, -C^C-, -C0-O-, -OC-O- such that there are no 
hetero atoms adjacent to each other, 
is a single bond or -CeC-. 



Use of a liquid crystal composition according to any one of daims 1 to 
4 whereby said component (a) comprises at least one compound of 
formula IX 




li 



in which 

j isOorl; 




Z^CN 



IX 
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18 Ci-Cis aikyi which is unsubsfituted or mono- or pol^ 
substituted with CN or halogen and in which one or more of 
the CHz groups may be replaced by -0-, -S-, -CH=CH-, -CbC-. 
-C0-0-, -OC-0- such that there are no hetero atoms adjacent 


6 


to each other; 

2?^ and Z?* are independently of each other a single bond or 
-CsC-; 


10 


O — =M7 






15 




20 


-X- 


V . 

S t 

in which 

L , L , L and L are inaepenoienuy or eacn ouier n or r. 


25 6. 


Use of a liquid crystal composition according to any one of claims 1 to 

5 whereby said liquid crystal composition lUrther comprtsss 

■ at least 3 we{ght% (based on the total weight of fhe composition) 

of a component (y) containing one or more compounds having an 

optical anisotropy An of at least 0,20. 


30 


1 

• 
■ 
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8. 



.so- 



use of a liquid crystal composition aocording to datm 6 whereby said 
component (y) comprises at least one compound of fomnula X 




K 




in which 

k isO, l,2>$or4: 

R^*" and R^°^ are independently of each other C1-C16 alkyl which 
Is unsubstituted or mono- or poly'Sut>stituted witii CN or 
halogen and In which one or more of the CH2 groups may be 
replaced by -0-, -S-, -CH=CH-, -CsC-, -C0-0-, -OC-O- such 
that there are no hetero atoms ad|jacent to each othen and 



or 






Use of a liquid crystal composition according to any one of claims 1 to 
7 whereby said liquid crystal composition further comprises at least 
one compound of fonrtula XI and/or at least one compound of formula 
XII and/or at least one compound of Ibrmula Xlli at least one 
compound of fomnula XIV 



111 




-111 



XI 



XII 



XIII 
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XIV 



in which 

R"*" and R^'*^ are Independently of each other C^Cis alkenyl 

which is unsubetttuted or mono" or poly-^ubstltuted with CN or 
halogen and in which one or more of the CHa groups may be 
replaced Independently of each other by -0-. -S-, -CH=CH-, 
-CeC-, -C0>0-, -OOO- such that there are no hetero atoms 
adlacent to each oOien 

j^i2i j^i3i^ pji32 and r1« are Independently of each other Ci-Cis 

alkyi which Is unsubstituted or mono- or poly-substituted with 
CN or halogen and In which one or more of the CH2 groups 



may be replaced Independently of eadi oflier by -0-, -S^ 
-CH=CH-, -C^C-. -C0-0-, -OC-O- such, that there are no 
hetero atoms adjacent to each other; 
is C1-C16 alkyI which !s unsubstituted or mono- or poly- 
substituted with halogen and in which one or more of the CH2 
groups may be replaced independently of each other by -0-. 
-S-, -CHsCH-. -CsC-, -CO-0-, -OC-O- such that there are no 
hetero atoms adjacent to each othen 
Is F, CI, C1-C18 alkanyl which is mono- or poly-eubsiituted with 
halogen, or CrCi^ alkoxy, which is mono- or poly-substituted 
with halogen; 

L^^^ and L^^^ are independently of each other H or F; and 



^111 




and 




are independently of each other 




or 
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9. Use of a liquid crystal oomposllion acoording to any one of daims 1 to 

8 whereby said liquid crystal composlflon comprises at least 50 
weight% (based on tlie total weight of the comppsition) of said 
component (a). 

1 (t Use of a liquid crystal composftlon according to any one of dalms 1 to 

9 whereby said liquid crystal composition comprises at least 50 
weight% (based on the total weight of the composition) of said 
component (a) whereby at least 30 we!ght% (based on the total 
weight of the composition} of said compounds have a dielectric 
anisotropy Ae of at least 40. 

1 1. Use of a liquid crystal composition according to any one of daims 1 to 

10 whereby said liquid crystal composition comj!>rises at least one 
compound of formula 11 of said component (a) and at least 8 weight% 
Qsased ori the total weight of the composition) of said component O). 

12. Use of a liquid crystal composition according to any one of daims 6 to 

1 1 whereby said liquid crystal composition comprises at least 5 
weight% (based on the total weight of the composition) of said 
component (y). 

1^. Liquid crystal medium comprising 
■ at least one compound of formula I 




cand d 



are independently of each other 0, 1 , 2, 3 or 4; 
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^11 
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is Ci-Cis alkyl which is unsubstituted or mono- or poly- 
substituted with CN or halogen and in which one or more of 
the CH2 groups may be replaoed independently of each other 
by -0-, -S-, -CHsCH-. -CsC-, -C0-0-. -OOO- such that there 
are no hetero atoms adjacent to each othen and 
is a single Isond or-(M>-. 
at least one compound of formula 111 and/or at least one compound 
of formula IV and/or at least one compound of formula V and/or at 
least one compound of fonnula VI and/or at least one compound 
of formula Vli 



ill 




IV 



^51 



36I 



s71 





fC 




CHI 






VI 



Vll 



in which 

a and b are independently of each other 0 or 1 ; 

f^, R*\ R^. RP\ R*®. R®\ and R^ are independently 

of each other C1-C15 alkyl which Is unsubstituted or mono- or 
poly-substituted with CN or halogen and in which one or more 
of the CH2 groups may be replaced independentiy of each 
other by -0-, -S-, -CH=CH-. -CsC-, -C0-0-, -OC-0- such that 
there are no hetero atoms adjacent to each other; and 
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IsHorF: 

is -C0-0-, -CH2O-, -CF2O-. -CHaCH^, -CF2CF2-. -CH2CF2-, 
-CFjsCH*-* -CH=CH- or • 



and 







are independently of each other 




or 





is 




14 



C 

in which 
and L 



18 




33. 



are independently of each other l-i or F. 



Licpjld crystal medium comprising 

■ at least one compound of Ibmfiula II 





(F)e ^ 

In which 

e and f are Independently of each other 0, 1 , 2, 3 or 4; 



II 



30 
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is <^-Ci6 alkenyl whic^ ts unsubstftuted or mono- or poly- 
eubstitufed with ON or halogen and In which one or more of 
the CH2 groups may be replaced independently of each other 
by -0-, -S-, -CH"CI-I-, -CbO-, -CO-0-. -OC-O* such that there 

« 

are no hetero atoms adjacent to eac^ other; 
^ is a singie bond or -CfeC-. 

• at least one compound of formula III and/or at least one compound 
of formula IV and/or at least one compound of formula V and/or at 
least one compound of formula VI and/or at least one compound 

« 

of fomnila VII 






z*^ — ( D 



IV 






CO: 




VI 



Vil 



In which 

a and b are independ^y of each other 0 or 1 ; 

R^. r32 r*i^ r42^ r«, rS2, rw. r« r71 and R''^ are Independently 
of each other C1-C15 alkyi which is unsubstltufed or mono- or 
poly-substifajted with CN or halogen and in which one or more 
of the CH2 groups may be replaced independently of each 
other by -0-, -S-. -CH=CH-, -CaC-, -C0-O-, -OC-O- such that 
there are no hetero atoms adjacent to each other, and 
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IsHorF; 

is -C0-0-. -CHzO, -CFip-, -CHaCHr, -fcF2CF2-. -CH2CF2-, 
-CFaCH^.. ^H«CH- or -ObO: 



and 







are independently of each other 




or 





is 





in which 
L» and 



are independeniiy of each otiier H or F. 



1S|. Llqufd crystal medium according fo any one of claims 13 or 14 
characterized in that said medium further comprises at least one 
compound of formula VIII 



VIII 





g and h are independently of each other 0, 1 , 2, 3 or 4; 
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l8 C1-C15 alkyi which Is unsubstituted or mono- or poly- 
subsiKuted with CN or halogen and in which one or more of 
the CH2 groups may be replaced Independently of each other 
by -0-, -S-, -CeiC-, -CO^. -OC-O- such that there are no 
heteio atoms adjac^to each othen 
is a single t>ond or-C^. 



10 



1Q. Bistable liquid crystal device comprising 

■ two outer substrates which, together with a frame, form a ceil; 

■ a liquid crystal composition present in said cell; 
- electiode structures with alignment layers on the inside of said 

outer substrates whereby at least one aiignrnent layer comprises 
ao-aIlgnm©nt-gratingJhatperraitsiheLCOmpQundai2^ 



15 



20 



25 



crystal composition to adopt at least two different stable states 
whereby the assembly of said electrode structures with said 
alignment layers being such that a switching between the said at 
least two different stable states is achieved by applying suitable 
electric signals to said electrode structures; 
whereby said liquid crystal composition comprises ; 

• at least 30 weight% (based on the total weight of the 
composition) of a component (a) containing one or more 
compounds having a dielectric anisotropy A€ of at least 25, 
whereby at least 25 weight% (based on the total weight of 
the composition) of said compounds have a dielectric 
anisotropy Ae of at \<sasX 40; and 



30 
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at reast 5 weight% (based on the total weight of the 
oomposftlon) of a component O); 
whereby said component (P).compi1ses at least one 
compound of fomiula 111 and/or at least one compound of 
Ibmriula IV and/or at least one compound of Ibnnula V 
and/or at least one compound of formula VI and/orat least 
one compound of fomiula VII 



111 




IV 



-.61 




CH=CH 




V /J 




CO: 




VI 



VII 



in which 

a and b are Independently of each other 0 or 1 ; 

R^, R*\ R*^ R®^. R®^, R®^, R" and R^ are independently 
of each other C1-C15 alkyi which is unsubstltuted or mono- or 
poly-substituted with CN or halogen and in which one or more 
of the CH2 groups may be replaced independentiy of each 
other by -0-, -S-, -CH=CH-, -C^, -C0-0-. -OC-O- such that 
there are no hetero atoms adjacent to each other; and 

L*^ IsHorF; 

2*^ Is ^0-0-, -CHaOs -CF2O-, -CH2CH2-, -CF2CIV. -CHaCFa-. 
•CI^CH2-. -CHssCH- or -C^C-; 
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• -ee- . • 

1 

^7)- ^2>- ^3>- ^7)- 


5 


-o 

are independently cf each other — or 

9 

.32 


10 


-<i>- ,-o -o- 

^— ^ is or ; 


15 


Is or , : 


in which 

and are independ^itly of each other H or F. 
7. Bistable liquid crystal device according to claim 16 whereby 


20 


« said device is a zenithal bistable nematic liquid crystal device: 
and 

■ said electrode structures with alignment layers on the inside of 
said outer substrates have at least one alignment layer that 
comprises an alignment grating that permits the compounds of 


25 


said liquid crystal composition to adopt at least two different stable 


states with different pretilt angles in the same aamuthal plane. 

}. Bistable liquid crystal device according to any one of daims 1 6 or 17 
whereby said component (a) comprises at least one compound of 


30 


formula 1 and/or at least one compound of formula II 

• 
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Z— CN 



In Which 

C d. e and f are independenHy of eacdi other 0» 1 » 2, 3 or 4; 
is Ci-CiQ alkyi which is unsubstltuted or mono- or poly- 
substituted with CN or halogen and In yvhich one or more of 

I 

fhe CH2 groups may be replaced independently of each other 
by -0-, -S-, -CH=CH-, -CsC-, -C0-0-, -OCX)- such that there 
are no hetero atoms adjacent to each other; 
R?"* Is C2-C15 alkenyl which is unsubstltuted or mono- or poly- 
substituted with CN or halogen and in which one or more of 
the CH2 groups may be replaced independently of each other 
by -0-, -S-, -CH=CH-, -OiC-, -C0-0-, -OC-O- such that there 
are no hetero atoms adjacent to each pthen 
Z**^ and 2^^ are Independentiy of each other a single bond or -C^C-. 

9. Bistable liquid crystal device according to any one of claims 1 6 to18 
whereby said component (a) comprises at least one oontpound of 
formula VIII 




Vlli 



in w^ich 
gand h 



are Independenfly of each ottier 0, 1 , 2, 3 or 4; 
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is d-Cis alkyi which is unsubsdtuted or mono- or poiy- 
suk)stltuted mMi CN or halogen and in which one or more of 
the CI-I2 groups may be replaced Independently of each other 
by ^o-, -S-, -OC-, -CO-O', -OC-O- such that there are no 
hetero atoms adjacent to each other; 
Z?^ a single bond or -CaC-. 

Bistable liquid crystal device according to any one of daims 16 to 19 
whereby said component (o) comprises at least one compound of 
formula iX 



991 





IX 



15 



20 



25 



30 



in whfdi 



j isOorl; 

R®* is Ci-Cia alicyl which is unsubstituted or mono- or poly- 

substituted with CN or halogen and in which one or more of 
the CH2 groups may be replaced by -0-, -S-, -CH=CH-, -CsC-. 
. .-C0-0-, -OC-O: such that there are no hetero atoms adjacent . 
to each other, 

Z^^ and ^ are independently of each other a single bond or - 



91 





02 



or 
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IS 



or 



in which 

L®^, L®^, and L®* are Independently of each other H or F, 



21 . Bistable liquid crystal device according to any one of claims 16 to 20 
whereby said liquid crystal composition further comprises 
" at least 3 welght% (based on the total weight of the composition) 
of a component (y) containing one or more compounds having an 
optical anisotropy An of at least 0,20. 

2 >. Bistable liquid crystal device according to dafm 21 whereby said 
component (y) comprises at least one compound of fomnula X 




in which 

k Is 0,1, 2, 3 or 4; 

R"^ and R^°* are Independently of each other Ci-Cig alkyi which 
is unsubstituted or mono- or poly-substituted with CN or 
halogen and in which one or more of Ute CHa groups may be 
replaced by -O-, -S-. -CH=CH-. -CfeC-. -CO-0-, -OC-O- such 
that there are no hetero atoms adjacent to each other; and 




K 



Is 




or 
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2^. B'^table liquid crystal device according to any one of claims 1 6 to 22 
wiiereby said liquid crystal composition further comprises at least one 
compound of formula XI and/or at least one compound of formula XII 
and/br at least one compound of Ibmiula XIII and/or at least one 
compound of formula XIV 



XI 




XII 



15 
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,t42 



Xill 



XIV 



in which 

R^" and R*"^ are independently of each other 02^15 alkenyl 

v\Aiich is unsubstituted or mono- or poly-sul)stituted with CN or 
halogen and in which one or more of the CHa groups may be 
replaced independently of each other by -0-, -S-. -CH=CH-. 
jCsC", -CO-O-, -OCO- such that there are no hetero atoms 
adjacent to each other. 
R^*\ R^®\ and R^*"" are independently of each other C1-C15 
all^ which is unsubstituted or mono- or poly>«ubstituted with 
CN or halogen and in which one or more of the Cl-b groups 
may be replaced independently of each other by -0-, "S-, 
-CH=CH-, -CaC-, -CO-0-, -OC-O- suet] that there are no 
hetero atoms adjacent to each other; 
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18 C1-C15 alkyi which is unsubstituted or mono- or poly- 
substituted with halogen and in which one or more of the CH2 
groups may be replaced independently of each other by -0>, 
-S-, -CH=CH-, -C=C-, -C0-0-, -000- such that there are no 
hetero atoms adjacent I0 each other; 
is F, a, Ci-Cis allcanyl which is mono- or poly^ubsfituted with 
halogen, or Ci-Cis alkoxy. which is mono- or poly-substituted 
with halogen; 



L"' and L 



112 



are independently of each other 1-i or F; and 



and 




are independently of e&cSn other 




or 




^4. Bfstable liquid crystal device according to any one of claims 1 6 to 23 
whereby said liquid crystal composition comprises at least 50 weight% 
(based on the total weight of the composition) of said component (a). 

25. Bistable liquid crystal device according to any one of claims 1 6 to 24 
whereby said liquid crystal composition comprises at least 50 weight% 
(based on the total weight of the composition) of said component (a) 
whereby at least 30 welght% (based on the total weight of the 
composition) of said compounds have a dielectric anisotropy Ae of at 
least 40. 

26, Bistable liquid crystal device according to any one of claims 1 6 to 25 
whereby said liquid crystal composition comprises at least one 

compound of formula II of said component (a) and at least 8 weight% 

I 

(based on the total weight of the composition) of said component O). 
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Bfstable liquid crystal device according to ar^y one of claims 21 to 26 
whereby said liquid crystal composition comprises at least 5 weight% 
(based on the total weight of the composition) of said component (y). 
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Abstract 

The Invention Is directed to the use of a liquid oystal composifion in a 
bistable liquid crystal device and especially In a zenithal bistable nematic 

5 liquid crystal device, a nematic liquid crystal medium* and a bistable liquid 
oystal device comprising the liquid oystal composition whereby said liquid 
crystal composition comprises at least 30 weight% (based on the total 
weight of the composition) of a component (a) containing one or more 
compounds having a dielectric anisotropy Ae of at least 25, whereby at 

10 least 25 weight% (based on the total weight of the composition) of said 
compounds iiave a dielectric anisotropy Ae of at leest 40; and at least 5 
welght% of a component O). 
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Figures 




Figure 1. Illustration of zenithal bistabllity using grating alignment 
(with the lines indicating the local director) showing a) the high tilt 



(continuous) and b) the low tilt (defect) states. 
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• b) twisted ZBD 



Figure 2. The a) VAN and b) TN geometries for ZBD showing the 
director distribution of the high and low tilt states. 
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Figure 3. The vV curve for MLC-6204-000 at 25^*0 (pulse duralion c 
time slot ve. voltage). The switching voltage b/iooiis) and operating 
window (AVwoiis) used for comparisons are i idicated. 
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